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The minor histone H2A subtype, H2A.Z, has been purified to homogeneity from calf thymus and 
subjected to automated Edman degradation. The sequence of the first 30 amino acids possesses only 60% 
homology with major H2A subtypes of the same tissue. This sequence difference is more extreme than 
that exhibited between evolutionarily distant major H2A subtypes. However, an analysis of secondary 
structure reveals that H2A.Z and major H2A subtypes exhibit the same general topographical features 
within their N-terminal domains. 
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1. INTRODUCTION 
Although the nucleosome contains an evolu- 
tionarily conserved protein core of 8 histone 
molecules [ 11, a considerable complexity exists in 
histone octamers due to the presence of non-allelic 
histone variants [2,3]. One of these variants, term- 
ed Ml and more recently H2A.Z [4,5] has been 
proposed to be a member of the histone H2A fami- 
ly [5,6]. This protein appears to be evolutionarily 
conserved [7], is enriched in transcriptionally ac- 
tive chromatin [8], and exhibits unique synthetic 
patterns during early development and the cell cy- 
cle [7,9]. To determine how these novel biological 
properties might be reflected in primary structure, 
we subjected purified calf thymus H2A.Z to 
automated Edman degradation and report here the 
first sequence information on this protein. 
2. MATERIALS AND METHODS 
2.1. Purification of histone H2A.Z 
Calf thymus core histones [lO,l l] were elec- 
trophoretically separated on preparative 
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Triton-acid-urea slab gels (15 x 14 x 0.3 cm; 
20 mg/gel), and 0.5 cm wide strips cut parallel to 
the direction of electrophoresis were stained with 
Coomassie blue to locate histone H2A.Z [12]. Ap- 
propriate unstained regions were excised, minced, 
and electroeluted protein [13] was dialyzed against 
distilled water at 4°C and lyophilized. Resulting 
crude H2A.Z was dissolved in 8 M urea, 5% acetic 
acid, 5 % 2-mercaptoethanol and separated elec- 
trophoretically on preparative acid-urea slab gels 
(15 x 14 x 0.3 cm; 0.6 mg/gel). Resulting protein 
was recovered as described above. The gel systems 
used have been described in [ 14- 161. 
2.2. Amino acid analysis 
Hydrolysates were fractionated on an Aminco 
Aminalyzer high-performance liquid chromato- 
graphy system as in [17] except that the column 
was run at 49°C without ammonia traps. In- 
dividual amino acids were quantitated by compar- 
ing integrated peak areas with those of standards. 
Values for valine and isoleucine were taken from a 
72 h hydrolysate, while values for serine and 
threonine were estimated by extrapolation to zero 
hydrolysis time. 
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2.3. Automated sequence analysis Table 1 
Automated sequencing was performed using a 
Beckman 890C amino acid sequencer, modified by 
addition of a cold trap and a 0.1 M Quadrol pro- 
gram with the non-protein carrier polybrene 
[ 18,191. The phenylthiohydantoin amino acid 
derivatives were identified by high-pressure liquid 
chromatography using a Waters Associates Radial- 
PAK Cl8 and a Radial-PAK Nitrite CN cartridge 
independently for each identification [ 191. 
Amino acid composition of calf thymus histone H2A.Z 
Amino acid H2A.Z H2A. 1 
Asp 4.2 6.2 
Thr 6.0 3.9 
Ser 6.3 3.1 
Glu 8.7 9.3 
Pro - 3.9 
GlY 11.8 10.9 
Ala 14.3 13.2 
3. RESULTS AND DISCUSSION 
Histone H2A.Z constitutes only -2% of the 
total H2A protein of calf thymus chromatin [4]. 
We isolated 0.5 mg calf thymus H2A.Z from 
320 mg of total core histones by employing 
preparative gel electrophoresis and electroelution. 
Thus, about a 200-fold purification of H2A.Z was 
achieved with -30% yield. The isolated protein 
was electrophoretically homogeneous in three dif- 
ferent gel systems (fig.l), and possessed an amino 
acid composition similar to the major calf thymus 
H2A subtype, H2A.l (table 1). 
CYS 
Val 
Met 
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His 
Lys 
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- 
5.9 
- 
7.3 
10.9 
1.6 
1.0 
4.9 
11.2 
7.9 
0 
6.2 
0 
4.7 
12.4 
2.3 
0.8 
3.1 
10.9 
9.3 
The values presented represent mol % and are the 
average of 4 analyses on H2A.Z. The values presented 
for H2A.l are calculated from the known amino acid 
Peptide mapping studies have provided only sequence [20] 
Fig.1. Electrophoretic profiles of calf thymus core histones and purified histone H2A.Z. 
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suggestive vidence that H2A.Z is a member of the 
H2A protein family. One-dimensional resolution 
of tryptic peptides has shown that only 2 out of 8 
arginine and 0 out of 7 lysine containing peptides 
are shared between H2A.Z and major H2A 
variants [5,7]. We therefore performed an 
automated sequence analysis which proved to be 
successful because unlike other H2A species, 
H2A.Z does not have a blocked N-terminus. As in- 
dicated by the boxed regions in fig.2, the N- 
terminal domain of H2A.Z possesses 60% se- 
quence homology with calf thymus H2A.l. 
Relative to H2A.1, the N-terminal region of 
H2A.Z has a 2 residue extension and 10 amino acid 
substitutions. These differences all occur within 
the first 21 amino acids of H2A.Z and can be at- 
tributed to 5 single and 5 double base changes in 
the respective codons. Because of 4 radical amino 
acid substitutions at positions 4, 5, 8 and 17 in 
HZA.Z, the net charge of the N-terminal domain 
of H2A.Z is +6, as opposed to +8 for the cor- 
responding region of H2A.l. Therefore, the N- 
terminal region of H2A.Z is less basic than that of 
H2A. 1. 
To evaluate the evolutionary significance of the 
sequence differences between calf thymus histones 
H2A.Z and H2A. 1, we have further compared the 
N-terminal sequence of calf thymus H2A.l with 
those published for other H2A proteins. Evolu- 
tionarily distant H2A proteins possess more 
homology with calf thymus H2A. 1, within their N- 
terminal domains, than does calf thymus H2A.Z 
(with the exception of H2As from wheat and yeast) 
(fig.2). However, from the H2A N-terminal se- 
quences shown in fig.2, it is possible to generate a 
hypothetical peptide with 87% sequence homology 
to H2A.Z (not shown). Furthermore, the most 
highly conserved region among H2A subtypes, 
which yields a phenylalanine containing tryptic 
peptide, is present in H2A.Z, in agreement with 
[5]. Thus, we conclude that H2A.Z is indeed a 
member of the H2A protein family. Apparently 
the gene(s) encoding H2A.Z arose from a duplica- 
tion event(s) which must have occurred early in the 
evolution of eukaryotes, because histone H2A.Z is 
found in organisms as primitive as sea urchin [7]. 
Do differences in primary structure between calf 
thymus histones H2A.Z and H2A.l result in 
potential alterations in secondary structure? To 
address this question we employed an algorithm 
which predicts secondary structures [33]. Fig.3 
shows that H2A.Z and H2A.l possess essentially 
identical predicted secondary structures within 
their N-terminal domains. It is noteworthy that 
even a region which exhibits a 50% difference in 
amino acid sequence (residues 12-17 in H2A.Z) 
still exhibits the same high probability for a-helix 
formation. Therefore, the predicted secondary 
Calf thymus H2A.Z 
Calf thymus H2A.l 
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Fig.2. Amino acid sequences of the N-terminal domains of calf thymus histones H2A.Z and H2A.l and other H2A 
proteins. Common amino acids between the calf thymus proteins are boxed. Only amino acids different from those 
found in calf thymus H2A. 1 are indicated for the other H2A proteins: (- ) deletion; (A) insertion; (*) deduced from 
DNA sequence. The following references were used for H2A sequences. Calf thymus [18]; mouse leukemia [21]; rat 
leukemia [22]; chicken erythrocyte [23,24]; trout [25]; Drosophila [26]; cuttlefish [27]; sea urchin 1 (P. mifiaris gonad 
[28]; sea urchin 2 (P. miliuris) [29]; sea urchin 3 (S. purpuratus) [30]; wheat 1, 2 and 3 [31]; and yeast 1 and 2 [32]. 
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Fig.3. Comparison of the predicted secondary structures 
of the N-terminal domains of calf thymus histones 
H2A.Z and H2.A. 1. The probability of a-helix, B-sheet, 
&turn, or coil as a function of amino acid sequence was 
calculated according to I33]. Residues are represented 
schematically in helical tQ>, #-sheet (A), &turn 
(M) and coil (n ) conformational states. 
structure of the N-terminal domain of H2A.Z is 
consistent with the conclusion that the protein is a 
member of the histone HZA class. 
The sequence of the N-terminal domain of 
H2A.Z exhibits two features that are consistent 
with the finding that H2A.Z is enriched in 
transcriptionally active chromatin 181: 
(1) N-Terming regions of the core histones may 
function in stabilizing internucleosomal con- 
tacts for the packaging of polynucleosomal 
chains into higher order structures 1341. Thus, 
the less basic N-terminal domain of H2A.Z 
might render polynu~leosomal chains contain- 
ing this protein more accessible for 
transcription. 
(2) H2A.Z is not phosphorylated and lacks the se- 
quence N-AcSerGlyArg which contains the 
apparent exclusive site of phosphorylation 
among H2A subtypes 1351; the level of 
phosphorylated H2A has been directly cor- 
related with the degree of heterochromatiza- 
tion [36,37]. 
The sequence data provided here should permit 
identification of recombinant DNA clones carry- 
ing H2A.Z genes. The complete sequence of the 
protein can then be determined more readily than 
by classical techniques of protein chemistry. An 
analysis of flanking sequences and gene organiza- 
tion relative to those of the other histones may pro- 
ve revealing because histone H2A.Z synthesis is 
not co-ordinated with S phase 191. The sequence 
data provided here should also permit elicitation of 
antibodies to chemically synthesized H2A.Z pep- 
tides. These antibodies could be used to isolate 
nucleosomes cont~ning stoichiometri~ amounts of 
H2A.Z. The protein components, DNA sequence 
composition, and arrangement along 
polynucleosomal chains of such nucleosomes 
could then be studied. 
ACKNOWLEDGEMENTS 
We thank Dr Brent Reed and Messrs Lonnie 
Sorrells and Melvin Dews for performing the 
amino acid analysis. We are indebted to Dr J. 
Donald Capra in whose laboratory the automated 
sequencing was performed and to Dr Michael 
Karels for making available to us the secondary 
structure prediction routine. This research was 
supported by grants from NIH (GM22201 and 
GM29935) and The Robert A. Welch Foundation 
(I-823) to W.G., by NIH grant AI12127 to J. 
Donald Capra, and by NIH grant GM28731 to 
R.H.; C.S. was supported by an NIH postdoctoral 
fellowship (GM07710). 
RE~REN~ES 
HI 
El 
131 
[41 
IS1 
(61 
[71 
PI 
I91 
[W 
1111 
WI 
El31 
McGhee, J.D. and Felsenfeld, G. (1980) Annu. 
Rev. Biochem. 49, 1115-1156. 
Franklin, S.G. and Zweicller, A. (1977) Nature 266, 
273-275. 
Bafus, N.L., Albright, S.C., Todd, R.D. and 
Garrard, W.T. (1978) J. Biol. Chem. 253, 
2568-2574. 
Zweidler, A. (1976) in: Organization and 
Expression of Chromosomes (Allfrey, V.G. et al. 
eds) ~~~187-196, Dahlem Konferenzen, Berlin. 
West, M.H.P. and Bonner, W.M. (1980) 
Biochemistry 19, 3238-3245. 
Albright, SC., Nelson, P.P. and Garrard, W.T. 
(1979) J. Biol. Chem. 254, 1065-1073. 
Wu, R.S., Nishioka, D. and Bonner, W.M. (1982) 
J. Cell Biol. 93, 426-431. 
Gabrielli, F., Hancock, R. and Faber (1981) Eur. J. 
Biochem. 120, 363-369. 
Wu, R.S. and Bonner, W.M. (1981) Cell 27, 
321-330. 
Johns, E.W. (1964) Biochem. J. 92, 55-59. 
Oliver, D., Sommer, K.R., Panyim, S., Spiker, S. 
and Chalkley, R. (1972) Biochem. J. 129, 349-353. 
Albright, S.C., Wiseman, J.M., Lange, R.A. and 
Garrard, W.T. (1980) J. Biol. Chem. 255, 
3673-3684. 
Mardian, J.K.W. and Isenberg, I. (1978) Anal. 
Biochem. 91, l-12. 
169 
Volume 154, number 1 FEBS LETTERS April i983 
[14] Panyim, S. and Chalkley, R. (1969) Arch. 
Biochem. Biophys. 130, 337-346. 
flq Thomas, J.0, and Kornberg, R.D. (1975) Proc. 
Na& Acad. Sci. USA 72, 2626-263% 
f16j Zweidler, A. (1978) Methods CeR Biol, 17, 
223-233, 
[17] Drescher, D.G. and Lee, KS. (1978) Anal. 
Biochem.. 84, 559-569. 
fl8f M&umber, L.J., QadeeP, M, and Capr% J.D. 
(fQ8@) in: Methods in Peptide and Protein 
Sequence Analysis f3irrl C. ed) pp,X65-172, 
Elsevier Biomedical, Amsterdam, New York, 
[19] Klapper, D.G., Wilde, C.W, iii and CapCal J.D. 
(1978) Anal. Biochem. 60, 147-150. 
[ZOl Yeoman, L.C., Olson, M.O.J., Sugano, N., 
Jordan, J-J__ Taylor, CW., S&buck, WC and 
Busch, H. (1972) J. Bio3, Chem. 247, 6Oi8-~3. 
1211 Blanks&in, L.A., Stellar, B.D., Franklin, S.G., 
Zweidler, A. and Levy, S,B, (1977) Biochemistry 
16, 4557-4562. 
[22] Laine, B., Kmiecik, D., Sautiere, P. and Biserte, G. 
(1978) Biochimie 60, 147-15Q. 
i231 La&e, 3,, Sautiere, P, and Biierte, C, (f98lf 
Biochemistry 15, 1640-164.5. 
[23] D’Andrea, R., Harvey, R. and Wells, J.R.13. (lQ81) 
Nucleic Acid Res. 9, 3119-3128. 
[25] Bailey, G.S. and Dixon, O.H. (1973) J, Biol. 
Chem, 248, 5463-5472. 
[Xi] Goldberg, M. (1979) Dissertation (Stanford 
University, Palo Alto CA). 
f271 Wouters-Thou, D., M~~n-Po~thi~u* A., Brriand, 
G., Sautiere, P. and Biserte, 6. (1982) Eur. J. Bio- 
them. 124, 489-498. 
[ZS] Wouters, D., Sautiere, P. and Biserte, G. (1978) 
Eur. J. Biochem, QO, 231-239. 
[29] Busslinger, M., Portmann, R., Irminger, J.C. and 
Birnstiel, M.L. (X980) Nucleic Acids Res. 8, 
957-977. 
[3Of Sures, f., Lrswry, J, and Kedes, L.H. 11978) CeII 
15, 1033-1044, 
[3X] Rodrigues, J.D.A., Brandt, W.F. and Von Holt, 
C. (1979) Biochim, Biophys. Acta 578, 196-206. 
[32] Choe, J., Kotodrubetz, D. and Grunstein, M, 
(1982) Proc. NatI. Acad. Sci. USA 79, 1484-1487. 
f33f Thou, P-Y. &nd Fasman, G.D. ffQ78) Adv, 
Enzymol. 47, 45-148. 
[f43 Allan, J., Harborne, N., Rau, D.C. and Gould, H. 
(1982) J. Cell Bliol. 93, 285-297. 
[35j Pantazis, P. and Banner, W.M. (1981) J. Biot. 
Chem. 256, 4669-4675. 
f36j Gurley, LX, Walters, R.A., Barham, S.S. and 
Deaven, L.L, (1978) Exp. Ceil Res. fll, 373-383. 
[37] Malleck, MS. and Gurley, L.R. (X980) Exp. Cell 
Res, 125, 377-388. 
170 
